Effects of high osmotic strength on chromosome aberrations, sister-chromatid exchanges and DNA strand breaks, and the relation to toxicity.
Substantial increases in chromosome aberrations were induced in Chinese hamster ovary cells by medium made hyperosmotic with NaCl, KCl, sucrose, sorbitol or dimethyl methylphosphonate. The increases were associated with cytotoxicity but occurred in the range (e.g., 70% survival) commonly included in in vitro tests for 'genotoxicity'. The relation between increased osmotic pressure and chromosome aberrations is compound-dependent, e.g., some compounds may have a direct effect in addition to an effect mediated by osmotic pressure/ionic strength. Also, glycerol at high osmolality was not toxic and did not induce aberrations, probably because rapid equilibration across the cell membrane precluded severe osmotic stress to the cells. Weak increases in DNA single-strand breaks (NaCl and KCl) and double-strand breaks (NaCl) were also detectable, at higher concentrations and more toxic levels than those required to produce aberrations. Slight elevations in sister-chromatid exchange frequencies caused by hyperosmotic medium were found in the presence of toxicity and severe cell cycle delay. Our data on cell growth inhibition suggest that this is the result of increased incorporation of bromodeoxyuridine per cell due to decreased numbers of growing cells, although other mechanisms cannot be ruled out. The observations on chromosome aberrations demonstrate the need for keeping in vitro test conditions in the physiological range, and provide a means for investigation of indirect DNA damage.